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(54) OPTICAL APPARATUS CAPABLE OF BEING MINIATURIZED

(57) An optical apparatus which is capable of being
miniaturized is provided. The optical apparatus includes
a lens unit, a drive unit configured to include a base mem-
ber, a shift member, and an urging member, a cylindrical
body configured to support the drive unit, and a first cou-
pling portion configured to be coupled with the urging

member. A groove along a direction of an optical axis of
the lens unit is provided inside the cylindrical body. The
urging member urges the shift member with respect to
the base member. The first coupling portion and the
groove overlap with each other when viewed from the
direction of the optical axis.



EP 4 134 736 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an optical ap-
paratus.

Description of the Related Art

[0002] Optical apparatuses include, for example, dig-
ital cameras, video cameras, interchangeable lenses,
and the like. Some such optical apparatuses are
equipped with an image stabilization drive unit, which is
capable of reducing an image blur due to a camera shake
by a user that occurs during exposure or displaying a
through image by moving a lens image stabilization group
including a lens in a direction perpendicular to an optical
axis of the lens. The image stabilization drive unit moves
the lens image stabilization group to a target position
perpendicular to the optical axis based on a shake signal
in a pitch direction and a shake signal in a yaw direction
when an image blur occurs. By this movement, a camera
shake that caused the image blur is offset, and as a result,
it becomes possible to reduce the image blur. As the
configuration of the image stabilization drive unit, for ex-
ample, a configuration is known having a base member
that moves in an optical axis direction, a shift member
that movably supports the lens in the direction perpen-
dicular to the optical axis, and a coil spring that urges the
shift member with respect to the base member. Further,
some image stabilization drive units include rolling balls
that are disposed between the base member and the
shift member. In some cases, the size of the optical ap-
paratus is determined by the way of arranging the mem-
bers constituting the image stabilization drive unit. Jap-
anese Laid-Open Patent Publication (kokai) No.
2018-105899 discloses a lens barrel, in which rolling balls
between a base member and a shift member, and a coil
spring are disposed so as to overlap with each other when
viewed from the optical axis direction in order to realize
miniaturizing.
[0003] The lens barrel disclosed in Japanese Laid-
Open Patent Publication (kokai) No. 2018-105899 re-
quires support portions that support both end portions of
the coil spring, respectively. Further, in some cases, the
miniaturization (reducing the diameter) of the lens barrel
is hindered particularly depending on a position of the
support portion that supports the end portion of the coil
spring located distal to the optical axis among these sup-
port portions.

SUMMARY OF THE INVENTION

[0004] The present invention provides an optical ap-
paratus which is capable of being miniaturized.
[0005] Accordingly, a first aspect of the present inven-

tion provides an optical apparatus as specified in claims
1 to 17.
[0006] According to the present invention, it is possible
to realize the miniaturization of the optical apparatus.
[0007] Further features of the present invention will be-
come apparent from the following description of exem-
plary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1A is a front perspective view in a case that an
optical apparatus according to the present invention
is applied to a lens barrel of a digital camera, and
FIG. 1B is a rear perspective view in the case that
the optical apparatus according to the present inven-
tion is applied to the lens barrel of the digital camera.
FIG. 2 is a block diagram that shows the electrical
and optical configuration of the digital camera shown
in FIGs. 1A and 1B.
FIG. 3 is a cross-sectional view that shows an inter-
changeable lens (located at a wide-angle end on a
short focus side at the time of zooming) in the digital
camera shown in FIGs. 1A and 1B.
FIG. 4 is a cross-sectional view that shows the inter-
changeable lens (located at a telephoto end on a
long focus side at the time of zooming) in the digital
camera shown in FIGs. 1A and 1B.
FIG. 5 is an exploded perspective view of an image
stabilization drive unit of the interchangeable lens in
the digital camera shown in FIGs. 1A and 1B and its
peripheral members.
FIG. 6 is a front view of the interchangeable lens
shown in FIG. 5 when viewed from an object side (a
floating stopper member is not shown in FIG. 6).
FIG.7 is a cross-sectional view taken along a line A-
A of FIG. 6.
FIG. 8 is a front view of the interchangeable lens
shown in FIG. 5 when viewed from the object side
(the floating stopper member is shown in FIG. 8).
FIG.9 is a cross-sectional view taken along a line B-
B of FIG. 8.

DESCRIPTION OF THE EMBODIMENTS

[0009] The present invention will now be described in
detail below with reference to the accompanying draw-
ings showing embodiments thereof.
[0010] Hereinafter, a preferred embodiment of the
present invention will be described in detail with refer-
ence to FIGs. 1A to 9. However, the configuration de-
scribed in the following preferred embodiment is merely
an example, and the scope of the present invention is
not limited by the configuration described in the following
preferred embodiment. In the present preferred embod-
iment, as one example, a case that an optical apparatus
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is applied to a lens barrel of a digital camera will be de-
scribed. Furthermore, the optical apparatus is not limited
to being applied to a lens barrel, and can be applied to,
for example, a lens-integrated camera (such as a digital
camera or a video camera) or the like. A digital camera
100 shown in FIGs. 1A and 1B includes a camera body
1, and an interchangeable lens 101 as a lens barrel that
is detachably attached to the camera body 1. In the
present preferred embodiment, an optical axis direction,
in which an optical axis OA of an image pickup optical
system housed in the interchangeable lens 101 extends,
is defined as an X-axis direction, and directions perpen-
dicular to the X-axis direction are defined as a Z-axis
direction (a horizontal direction) and a Y-axis direction (a
vertical direction). Hereinafter, in some cases, the Z-axis
direction and the Y-axis direction is collectively referred
to as "a Z/Y-axis direction". Further, a rotation direction
around the Z-axis is defined as a pitch direction, a rotation
direction around the X-axis is defined as a roll direction,
and a rotation direction around the Y-axis is defined as
a yaw direction. Furthermore, the pitch direction and the
yaw direction (hereinafter, in some cases, collectively re-
ferred to as "a pitch/yaw direction") are rotation directions
around two axes, which are the Z-axis and the Y-axis
that are perpendicular to each other.
[0011] As shown in FIG. 1A, the camera body 1 is pro-
vided with a grip portion 2 for a user to grip the camera
body 1 by hand on a portion on the left side when viewed
from the front (on the right side when viewed from the
back). Further, a power supply operation unit 3 is provid-
ed on an upper surface portion of the camera body 1.
When the user operates the power supply operation unit
3 while the camera body 1 is in a power-off state, ener-
gization is started. As a result, the power of the camera
body 1 is turned on (the camera body 1 becomes a power-
on state), a computer program such as an origin detection
processing of a focus group is executed, and a photo-
graphing standby state is set. On the other hand, when
the user operates the power supply operation unit 3 while
the camera body 1 is in the power-on state, the energiza-
tion is stopped. As a result, the power of the camera body
1 is turned off (the camera body 1 becomes the power-
off state). In addition to the power supply operation unit
3, a mode dial 4, a release button 5, and an accessory
shoe 6 are provided on the upper surface portion of the
camera body 1. It is possible to switch among a plurality
of photographing modes by the user rotationally operat-
ing the mode dial 4. The plurality of photographing modes
includes a manual still image photographing mode, an
automatic still image photographing mode, and a moving
image photographing mode. The manual still image pho-
tographing mode is a mode in which the user can arbi-
trarily set photographing conditions such as a shutter
speed and an aperture value. Further, the automatic still
image photographing mode is a mode in which an ap-
propriate exposure amount can be automatically ob-
tained. Furthermore, the moving image photographing
mode is a mode for performing moving image photo-

graphing. By half-pressing the release button 5, the user
can instruct a photographing preparation operation such
as an autofocus operation or an automatic exposure con-
trol operation. Further, by full-pressing the release button
5, the user can instruct photographing. Various kinds of
accessories such as an external flash can be detachably
attached to the accessory shoe 6.
[0012] A camera mount 7 is provided on a front surface
portion of the camera body 1. The interchangeable lens
101 is mechanically and electrically connected to the
camera body 1 by attaching a lens mount 102 to the cam-
era mount 7. The image pickup optical system, which
forms a subject image by image-forming a light from a
subject, is housed within the interchangeable lens 101.
A zoom operation ring 103 capable of rotating about the
optical axis OA is provided on an outer peripheral portion
of the interchangeable lens 101. When the zoom opera-
tion ring 103 is rotationally operated by the user, a zoom
group 110 constituting the image pickup optical system
moves to a predetermined use position corresponding to
an angle of the zoom operation ring 103. This allows the
user to perform photographing at a desired angle of view.
[0013] As shown in FIG. 1B, a rear operation unit 8 and
a display unit 9 are provided on the back surface of the
camera body 1. The rear operation unit 8 includes a plu-
rality of buttons and dials to which various kinds of func-
tions related to photographing are assigned. For exam-
ple, the rear operation unit 8 includes a reproducing but-
ton for instructing reproducing of photographed images
that are stored in a storage unit 13 described later or are
recorded on a recording medium (not shown). When the
power of the camera body 1 is turned on (the camera
body 1 is in the power-on state) and the moving image
photographing mode or each of the still image photo-
graphing modes is set, the display unit 9 displays a
through image of the subject image that is picked up by
an image pickup element 16 described later. Further,
photographing parameters, which indicate the photo-
graphing conditions such as the shutter speed and the
aperture value, are displayed on the display unit 9. As a
result, the user can change setting values of the photo-
graphing parameters by operating the rear operation unit
8, while checking the photographing parameters. Fur-
ther, by operating the reproducing button of the rear op-
eration unit 8, the display unit 9 reproducing-displays the
photographed images that are stored in the storage unit
13 or are recorded on the recording medium. Further-
more, the display unit 9 can also display image signals
(the through image) outputted from an image processing
unit 17 described later.
[0014] As shown in FIG. 2, the camera body 1 includes
a power supply unit 10 that supplies electric power to the
camera body 1 and the interchangeable lens 101, the
above-described power supply operation unit 3, the
above-described mode dial 4, the above-described re-
lease button 5, the above-described rear operation unit
8, and an operation unit 11 that includes the display unit
9 having a touch panel function. The camera body 1 is
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provided with a camera control unit 12 and the storage
unit 13, and the interchangeable lens 101 is provided
with a lens control unit 104. The control of the camera
body 1 and the interchangeable lens 101 as a whole sys-
tem is performed by the camera control unit 12 and the
lens control unit 104 cooperating with each other. The
camera control unit 12 reads out a computer program
stored in the storage unit 13 and executes it. At that time,
the camera control unit 12 communicates with the lens
control unit 104 via a communication terminal of an elec-
trical contact 105 provided on the lens mount 102 (trans-
mits/receives various kinds of control signals, various
kinds of data, etc. to/from the lens control unit 104). Fur-
ther, the electrical contact 105 includes a power supply
terminal that supplies the electric power from the above-
described power supply unit 10 to the interchangeable
lens 101.
[0015] The image pickup optical system of the inter-
changeable lens 101 includes the zoom group 110, which
is coupled with the zoom operation ring 103 and moves
in the optical axis direction to change the angle of view,
and a lens image stabilization group 112 that includes a
shift lens as an image stabilization element. By the lens
image stabilization group 112 moving (shifting) in the Z/Y
axis direction perpendicular to the optical axis OA, the
image blur due to the camera shake by the user is re-
duced. In addition, the image pickup optical system in-
cludes an aperture group 301 that performs a light
amount adjusting operation, and a focus group 114 that
includes a focus lens that moves in the optical axis di-
rection to perform focus adjustment. Further, the inter-
changeable lens 101 includes an image stabilization
drive unit (a drive unit) 201 that moves the lens image
stabilization group 112, an aperture drive unit 302 that
drives the aperture group 301, and a focus drive unit 401
that moves the focus group 114.
[0016] The focus drive unit 401 includes a focus motor
(not shown), and a photointerrupter (not shown) that de-
tects the origin position of the focus group 114. Generally,
as the focus motor, a stepping motor, which is a kind of
actuator, is often adopted. Moreover, since the stepping
motor can control only a relative drive amount, there is
a possibility that the current position of the focus group
114 becomes indefinite when the power of the camera
body 1 is turned off (the camera body 1 is in the power-
off state). Further, even when the power of the camera
body 1 is turned on (the camera body 1 remains in the
power-on state), in some cases, the power supply (the
energization) from the camera body 1 to the interchange-
able lens 101 is interrupted, for example, by detaching
the interchangeable lens 101 from the camera body 1.
In this case, there is a possibility that the position of the
focus group 114 when the power supply (the energiza-
tion) is cut off is held, and the position detection becomes
impossible. When the user operates the power supply
operation unit 3 to turn on the power of the camera body
1 from such a state where the current position of the focus
group 114 is indefinite, before reaching the photograph-

ing standby state, the focus group 114 must first be
moved to the origin position, and the origin detection
processing must be executed. Since the control of the
origin detection processing is a publicly known technique,
the description thereof is omitted here. Moreover, the ac-
tuator used in the focus motor may be, for example, a
DC motor having an encoder, an ultrasonic motor, or the
like. Further, the photointerrupter for detecting the origin
position of the focus group 114 may be a light transmis-
sion type or a light reflection type. Furthermore, as the
photointerrupter, a brush that comes into contact with a
conductive pattern and electrically detects signals may
be used.
[0017] The camera body 1 includes a shutter 14, a
shutter drive unit 15, the image pickup element 16, the
image processing unit 17, and a focus detecting unit 18.
The shutter 14 controls the amount of light that is image-
formed by the image pickup optical system within the
interchangeable lens 101 and is exposed by the image
pickup element 16. The image pickup element 16 pho-
toelectrically converts the subject image formed by the
image pickup optical system and outputs image pickup
signals. The image processing unit 17 performs various
kinds of image processes with respect to the image pick-
up signals, and then generates the image signals.
[0018] The camera control unit 12 controls the focus
drive unit 401 in response to the photographing prepa-
ration operation (such as a half-pressing operation of the
release button 5) in the operation unit 11. For example,
when the autofocus operation is instructed, the focus de-
tecting unit 18 judges a focusing state of the subject im-
age image-formed by the image pickup element 16 based
on the image signals generated by the image processing
unit 17, generates a focus signal, and transmits the focus
signal to the camera control unit 12. Along with this, the
focus drive unit 401 transmits information regarding the
current position of the focus group 114 to the camera
control unit 12. The camera control unit 12 compares the
focusing state of the subject image with the current po-
sition of the focus group 114, calculates a focus drive
amount based on the defocus amount, and transmits the
focus drive amount to the lens control unit 104. Further,
the lens control unit 104 moves the focus group 114 to
a target position in the optical axis direction via the focus
drive unit 401, and corrects the defocus of the subject
image.
[0019] Further, the camera control unit 12 controls the
drive of the aperture group 301 and the shutter 14 via
the aperture drive unit 302 and the shutter drive unit 15
according to the setting values of the aperture value and
the shutter speed, which are received from the operation
unit 11. For example, when the automatic exposure con-
trol operation is instructed, the camera control unit 12
receives luminance signals generated by the image
processing unit 17 and performs a photometry calcula-
tion. The camera control unit 12 controls the aperture
drive unit 302 based on the result of the photometry cal-
culation. Along with this, the camera control unit 12 con-
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trols the drive of the shutter 14 via the shutter drive unit
15 and performs an exposure process by the image pick-
up element 16.
[0020] The camera body 1 includes a pitch shake de-
tecting unit 19 and a yaw shake detecting unit 20 that
function as shake detecting means capable of detecting
the image blur due to the camera shake by the user. The
pitch shake detecting unit 19 and the yaw shake detecting
unit 20 include an angular velocity sensor (a vibrating
gyro) and an angular acceleration sensor, respectively.
The pitch shake detecting unit 19 detects an image blur
(due to a camera shake) in the pitch direction (the rotation
direction around the Z-axis) and outputs a shake signal.
Further, the yaw shake detecting unit 20 detects an image
blur (due to a camera shake) in the yaw direction (the
rotation direction around the Y-axis) and outputs a shake
signal. The camera control unit 12 calculates a shift po-
sition of the lens image stabilization group 112 in the Y-
axis direction by using the shake signal outputted from
the pitch shake detecting unit 19. Similarly, the camera
control unit 12 calculates a shift position of the lens image
stabilization group 112 in the Z-axis direction by using
the shake signal outputted from the yaw shake detecting
unit 20. Then, by the camera control unit 12 operating
the image stabilization drive unit 201 via the lens control
unit 104, the camera control unit 12 moves the lens image
stabilization group 112 to the target position in the Z/Y
axis direction according to the shift positions in the
pitch/yaw direction calculated above. As a result, the im-
age blur that occurs during the exposure or displaying
the through image is reduced.
[0021] The interchangeable lens 101 includes the
zoom operation ring 103 for changing the angle of view
of the image pickup optical system, and a zoom detecting
unit 106 that detects the angle of the zoom operation ring
103. The zoom detecting unit 106 detects the angle of
the zoom operation ring 103, which is operated by the
user, as an absolute value. As the zoom detecting unit
106, for example, a resistance type linear potentiometer
may be used. Further, information regarding the angle
detected by the zoom detecting unit 106 is transmitted
to the lens control unit 104, and is reflected in various
kinds of controls performed by the camera control unit
12. Further, a part of such various kinds of information
is stored in the storage unit 13 or is recorded on the re-
cording medium, together with the photographed imag-
es.
[0022] The positional relationship of the main compo-
nents in the interchangeable lens 101 will be described
with reference to FIGs. 3 and 4. FIGs. 3 and 4 are cross-
sectional views on an XY plane including the optical axis
OA, respectively. Since each of center lines shown in
FIGs. 3 and 4 substantially coincides with the optical axis
OA determined by the image pickup optical system, here-
inafter, it is synonymous with the optical axis OA.
[0023] As shown in FIGs. 3 and 4, the interchangeable
lens 101 includes the zoom group 110 that constitutes
the image pickup optical system. The zoom group 110

is a lens unit that includes at least one lens, and in the
present preferred embodiment, as one example, adopts
a six-group configuration. The zoom group 110 is con-
figured to include a first zoom group 111, the lens image
stabilization group 112 that functions as a second zoom
group, a third zoom group 113, the focus group 114 that
functions as a fourth zoom group, a fifth zoom group 115,
and a sixth zoom group 116. The first zoom group 111
to the sixth zoom group 116 are disposed in order from
the front along the optical axis OA. Further, among the
first zoom group 111 to the sixth zoom group 116, the
lens image stabilization group 112 to the fifth zoom group
115 move between different positions at a wide-angle
end (see FIG. 3) and at a telephoto end (see FIG. 4). By
this movement, the light from the subject can be image-
formed on the image pickup element 16. Moreover, the
configuration of the image pickup optical system is not
limited to the above configuration, and for example, the
lens image stabilization group 112 and the focus group
114 may function as other zoom groups.
[0024] The interchangeable lens 101 includes a
straight moving guide barrel 107 and a cam barrel 108.
The straight moving guide barrel 107 is fixed to the lens
mount 102 via a fixed barrel (not shown). Further, the
straight moving guide barrel 107 is configured by a cy-
lindrical body that has a cylindrical shape. Furthermore,
a plurality of cam grooves (not shown) is formed on an
outer peripheral surface of the straight moving guide bar-
rel 107 so as to be disposed at equal intervals along a
circumferential direction of the outer peripheral surface
of the straight moving guide barrel 107. The cam barrel
108 has a cylindrical shape, and is disposed concentri-
cally with the straight moving guide barrel 107 on the
outside of the straight moving guide barrel 107 with the
optical axis OA as the center. Further, a cam follower
(not shown) that is engaged with each of the cam grooves
of the straight moving guide barrel 107 is provided on an
inner peripheral surface of the cam barrel 108. Further-
more, the cam barrel 108 is coupled with the zoom op-
eration ring 103 via a key (not shown). By rotationally
operating the zoom operation ring 103, the cam followers
are guided by the cam grooves, and the cam barrel 108
moves forward and backward (advances and retreats)
along the optical axis direction while rotating around the
optical axis OA.
[0025] The lens image stabilization group 112 to the
fifth zoom group 115 (the zoom group 110) are supported
by the inside of the straight moving guide barrel 107.
Further, straight moving guide grooves 127 are provided
on an inner peripheral surface (an inner peripheral por-
tion) of the straight moving guide barrel 107 along the
optical axis direction (see FIG. 5). A plurality of the
straight moving guide grooves 127 is disposed at equal
intervals along a circumferential direction of the inner pe-
ripheral surface of the straight moving guide barrel 107.
Moreover, the number of the straight moving guide
grooves 127 disposed is preferably three, but is not lim-
ited to this, and may be two or four or more. The straight
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moving guide grooves 127 regulate the rotations of the
lens image stabilization group 112 to the fifth zoom group
115 around the optical axis OA, and are cam grooves
that carry out straight moving of the lens image stabili-
zation group 112 to the fifth zoom group 115 along the
optical axis direction. Further, the cam barrel 108 is pro-
vided with cam grooves having trajectories of different
angles in the rotation direction corresponding to the lens
image stabilization group 112 to the fifth zoom group 115.
A plurality of the cam grooves is disposed at equal inter-
vals along a circumferential direction of the cam barrel
108. On the other hand, the zoom group 110 is provided
with a plurality of cam followers, and each of the plurality
of cam followers is engaged with the corresponding
straight moving guide groove 127 and the corresponding
cam groove, respectively. The cam barrel 108 is rotated
by the user rotationally operating the zoom operation ring
103. At this time, the cam followers are guided by the
straight moving guide grooves 127 and the cam grooves.
As a result, the lens image stabilization group 112 to the
fifth zoom group 115 move forward and backward (ad-
vance and retreat) along the optical axis direction while
the rotations of the lens image stabilization group 112 to
the fifth zoom group 115 around the optical axis OA are
regulated. As shown in FIG. 5, straight moving guides
(engaging portions) 123 as the above cam followers are
disposed in the third zoom group 113. Further, the
straight moving guides 123 are protruded toward a direc-
tion away from the optical axis OA. Furthermore, the
straight moving guides 123 are disposed in the same
number as the straight moving guide grooves 127, and
each of the straight moving guides 123 is engaged with
each of the straight moving guide grooves 127, respec-
tively. As a result, the rotation of the third zoom group
113 around the optical axis OA is regulated.
[0026] Further, the straight moving guide barrel 107
supports the image stabilization drive unit 201 together
with the lens image stabilization group 112 to the fifth
zoom group 115 (the zoom group 110) by the inside
thereof. As described above, when reducing the image
blur, the image stabilization drive unit 201 can move the
lens image stabilization group 112 (the zoom group 110)
to the target position in an orthogonal direction orthogo-
nal to the optical axis OA, that is, in the Z/Y axis direction.
As shown in FIG. 5, the image stabilization drive unit 201
includes a base member 501, coils 502, shield cases
503, balls (rolling balls) 504, a shift member 506, magnets
507, yokes 508, springs 509, and a floating stopper mem-
ber 510.
[0027] In the present preferred embodiment, the base
member 501 is configured by a cylindrical housing mem-
ber 501A that houses the third zoom group 113, and a
ring-shaped member 501B that is coupled with the front
of the housing member 501A (one side in the optical axis
direction). Further, the straight moving guides 123 are
provided on the housing member 501A. By the straight
moving guides 123 being guided by the straight moving
guide grooves 127, the base member 501 becomes mov-

able in the optical axis direction. Moreover, although the
base member 501 is configured by two members in the
present preferred embodiment, the base member 501 is
not limited to being configured by two members, and may
be configured by, for example, one member or three or
more members.
[0028] The two coils 502 are fixed in the front of the
base member 501. Each of the two coils 502 has con-
ductivity and is electrically connected to the lens control
unit 104. Further, each of the two coils 502 functions as
a voice coil type actuator by being energized by the lens
control unit 104 (i.e., by becoming an energized state by
the lens control unit 104). As a result, it is possible to
move the shift member 506 in the Z/Y axis direction with
respect to the base member 501 together with a lens 505
described later. Further, each of the shield cases 503 is
disposed between each of the two coils 502 and the base
member 501. Each of the shield cases 503 is coupled
with the base member 501. Furthermore, each of the
shield cases 503 covers the rear of the coil 502 (the image
pickup plane side), and the front of the coil 502 (the object
side) is open.
[0029] The shift member 506 is disposed in the front
of the base member 501 via the coils 502 and the shield
cases 503. Further, the shift member 506 has a ring
shape, and holds the lens 505, which constitutes the lens
image stabilization group 112 (the zoom group 110), in
the inside thereof. The three balls 504 are disposed at
equal angle intervals around the optical axis OA between
the base member 501 and the shift member 506. Each
of the three balls 504 is in contact with the base member
501 and the shift member 506, respectively. When the
shift member 506 moves in the Z/Y axis direction with
respect to the base member 501, each of the three balls
504 rolls between the base member 501 and the shift
member 506, so that the shift member 506 is smoothly
moved (the movement of the shift member 506 is smooth-
ly performed). Moreover, the balls 504 are made of a
non-magnetic material such as SUS304, which is an
austenitic stainless steel.
[0030] The two magnets 507 are fixed in the front of
the shift member 506. Each of the two magnets 507 is
disposed to face each of the two coils 502 in the optical
axis direction, and the Lorentz force is generated be-
tween each of the two magnets 507 and the coil 502
which is in the energized state. Further, the yoke 508 is
coupled with each of the two magnets 507. The yokes
508 are made of a magnetic material such as SPCC
(Steel Plate Cold Commercial) , and some of them con-
centrate magnetic flux.
[0031] The spring 509 is an urging member that cou-
ples the base member 501 and the shift member 506 and
urges the shift member 506 with respect to the base
member 501 side. In the present preferred embodiment,
the three springs 509 are disposed at equal angle inter-
vals around the optical axis OA (see FIG. 6). As a result,
it is possible to stably urge the shift member 506 with
respect to the base member 501 side. Moreover, the
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number of the springs 509 disposed is preferably three,
but is not limited to this, and for example, may be two or
four or more. Further, in the present preferred embodi-
ment, the spring 509 is a tension coil spring and has
hooks (a hook 509A and a hook 509B) at both end por-
tions thereof. As shown in FIG. 7 and FIG. 9, the hook
509A at one end portion is engaged with and coupled
with a spring hooking portion (a first coupling portion) 511
of the base member 501, and the hook 509B at another
end portion is engaged with and coupled with a spring
hooking portion (a second coupling portion) 516 of the
shift member 506. As a result, it is possible to urge the
shift member 506 with respect to the base member 501
side by a simple configuration of the tension coil spring.
Further, an angle θ509 formed by a central axis O509 of
the spring 509 and the optical axis OA is preferably more
than 0 degrees and less than 90 degrees, is more pref-
erably 70 degrees or more and 80 degrees or less, and
is still more preferably 75 degrees or less. As a result,
the shift member 506 is urged with respect to the base
member 501 without excess and deficiency, and is dis-
posed at a position where tensile forces of the three
springs 509 are balanced. Moreover, the springs 509 are
made of a non-magnetic material such as SUS304, which
is the austenitic stainless steel. Further, in recent years,
the total length of the spring 509 tends to be longer in a
diameter direction of the interchangeable lens 101.
[0032] The floating stopper member 510 is disposed
in the front of the shift member 506 via the springs 509.
The floating stopper member 510 is a regulating member
that regulates the movement of the shift member 506 in
a direction in which the shift member 506 is separated
from the base member 501, that is, the floating stopper
member 510 is the regulating member that regulates
floating of the shift member 506 in the optical axis direc-
tion. As a result, it is possible to reduce an inadvertent
movement of the shift member 506 due to, for example,
a drop impact. The floating stopper member 510 is con-
figured by a ring-shaped member, and is disposed con-
centrically with the base member 501 and the shift mem-
ber 506 with the optical axis OA as the center.
[0033] By the way, when the user operates the zoom
operation ring 103 of the interchangeable lens 101, it is
desired to realize the miniaturization of the interchange-
able lens 101, particularly, it is desired to realize the min-
iaturization (reducing the diameter) of the diameter di-
rection of the interchangeable lens 101. As a result, the
operability of the zoom operation ring 103 is improved.
The digital camera 100 adopts a configuration that the
interchangeable lens 101 is miniaturized. Hereinafter,
this configuration and effects achieved by this configu-
ration will be described.
[0034] As shown in FIG. 7 and FIG. 9, the ring-shaped
member 501B of the base member 501 includes the
spring hooking portion 511 with which the hook 509A of
each of the springs 509 is engaged and coupled. The
spring hooking portion 511 extends from an outer periph-
eral portion (an edge portion) of the ring-shaped member

501B along the optical axis direction, and is provided so
as to be protruded forward in the present preferred em-
bodiment. As a result, the spring hooking portion 511 is
configured so that the hook 509A can be easily engaged.
Further, after this engagement, the hook 509A is pre-
vented from being easily disengaged from the spring
hooking portion 511.
[0035] The shift member 506 includes the spring hook-
ing portion 516 with which the hook 509B of each of the
springs 509 is engaged and coupled. The spring hooking
portion 516 extends from between an inner peripheral
portion and an outer peripheral portion of the ring-shaped
shift member 506 along the optical axis direction. As a
result, the spring hooking portion 516 is configured so
that the hook 509B can be easily engaged. Further, after
this engagement, the hook 509B is prevented from being
easily disengaged from the spring hooking portion 516.
[0036] As shown in FIG. 6, when viewed from the op-
tical axis direction, each spring hooking portion 511 of
the base member 501 is located within the straight mov-
ing guide groove 127 of the straight moving guide barrel
107. Further, as shown in FIG. 7 in the case of changing
the point of view, when viewed from a direction orthog-
onal to the optical axis OA (hereinafter, simply referred
to as "an orthogonal direction"), the spring hooking por-
tion 511 is disposed so as to overlap with the straight
moving guide groove 127. Since the spring hooking por-
tion 511 is disposed so as to enter into the straight moving
guide groove 127 in this way, the minimum inner diameter
of the straight moving guide barrel 107 can be set smaller
than a diameter of a virtual circle passing through each
spring hooking portion 511 of the base member 501. As
a result, the miniaturization of the diameter direction of
the interchangeable lens 101 is realized, that is, the di-
ameter of the interchangeable lens 101 is reduced, and
thus the operability of the interchangeable lens 101 is
improved. As described above, in the interchangeable
lens 101, the straight moving guide groove 127 functions
not only as a cam groove of the straight moving guide
123 but also as a housing portion that houses the spring
hooking portion 511.
[0037] As shown in FIG. 6 and FIG. 7, the spring hook-
ing portion 511 is located distal to the optical axis OA
than the spring hooking portion 516, that is, the spring
hooking portion 511 is located radially outside the inter-
changeable lens 101 than the spring hooking portion 516.
Since the movement in the orthogonal direction of the
base member 501 is regulated, as a matter of course,
the movement in the orthogonal direction of the spring
hooking portion 511 extended to the base member 501
is also regulated. On the other hand, since the shift mem-
ber 506 is movable in the orthogonal direction, as a matter
of course, the spring hooking portion 516 extended to
the shift member 506 is also movable in the orthogonal
direction. Therefore, in a case that the spring hooking
portion 511 of the base member 501 is disposed within
the straight moving guide groove 127 as described above
(hereinafter, this case is referred to as "the former case"),
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it is not necessary to secure a space in the straight moving
guide groove 127 for the spring hooking portion 511 to
move in the orthogonal direction. On the other hand, in
a case that the spring hooking portion 516 of the shift
member 506 is disposed within the straight moving guide
groove 127 (hereinafter, this case is referred to as "the
latter case"), it is necessary to secure a space in the
straight moving guide groove 127 for the spring hooking
portion 516 to move in the orthogonal direction. The
present preferred embodiment adopts a configuration in
the former case that the spring hooking portion 511 of
the base member 501 is disposed within the straight mov-
ing guide groove 127. Compared to a configuration in the
latter case that the spring hooking portion 516 of the shift
member 506 is disposed within the straight moving guide
groove 127, an effect achieved by this configuration in
the former case is to be capable of suppressing the width
and depth of the straight moving guide groove 127. This
effect contributes to reducing the diameter of the inter-
changeable lens 101.
[0038] As shown in FIG. 8, the floating stopper member
510 includes extending portions 520 extending radially
outward from an outer peripheral portion (an edge por-
tion) thereof, that is, the floating stopper member 510
includes the extending portions 520 protruding radially
outward from the outer peripheral portion (the edge por-
tion) thereof. Further, the extending portions 520 are dis-
posed in the same number as the straight moving guide
grooves 127, and each of the extending portions 520
enters into each of the straight moving guide grooves
127, respectively, and covers the middle of the straight
moving guide groove 127. Furthermore, the extending
portion 520 overlaps with the spring hooking portion 511
of the base member 501 and the spring 509 in the optical
axis direction. As shown in FIG. 9, when viewed from the
orthogonal direction, the extending portion 520 (at least
a part of the extending portion 520) of the floating stopper
member 510 is disposed so as to overlap with the straight
moving guide groove 127. Further, the spring hooking
portion 511 of the base member 501 and the spring 509
are disposed between the extending portion 520 and the
straight moving guide 123 in the optical axis direction.
As a result, it is possible to reduce stray light from the
first zoom group 111 to the image pickup element 16,
which directly passes through the straight moving guide
groove 127. Further, it is also possible to reduce stray
light to the image pickup element 16, which is reflected
by the spring 509 and passes through the straight moving
guide groove 127.
[0039] Although the preferred embodiments of the
present invention have been described above, the
present invention is not limited to the above-described
embodiments, and various modifications and changes
can be made within the scope of the gist thereof. For
example, the spring 509 is not limited to the tension coil
spring, and may be, for example, a linear or strip-shaped
stretchable rubber material. Further, the image stabiliza-
tion drive unit 201 may be configured such that the coils

502 are coupled with the shift member 506 and the mag-
nets 507 are coupled with the base member 501.
[0040] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.
[0041] This application claims the benefit of Japanese
Patent Application No. 2021-131300, filed August 11,
2021, which is hereby incorporated by reference herein
in its entirety.
[0042] An optical apparatus which is capable of being
miniaturized is provided. The optical apparatus includes
a lens unit, a drive unit configured to include a base mem-
ber, a shift member, and an urging member, a cylindrical
body configured to support the drive unit, and a first cou-
pling portion configured to be coupled with the urging
member. A groove along a direction of an optical axis of
the lens unit is provided inside the cylindrical body. The
urging member urges the shift member with respect to
the base member. The first coupling portion and the
groove overlap with each other when viewed from the
direction of the optical axis.

Claims

1. An optical apparatus (101) comprising:

a lens unit (110);
a drive unit (201) configured to include a base
member (501), a shift member (506), and an urg-
ing member (509);
a cylindrical body (107) configured to support
the drive unit; and
a first coupling portion (511) configured to be
coupled with the urging member,
wherein a groove (127) along a direction of an
optical axis of the lens unit is provided inside the
cylindrical body,
the urging member urges the shift member with
respect to the base member, and
the first coupling portion and the groove overlap
with each other when viewed from the direction
of the optical axis.

2. The optical apparatus according to claim 1,
wherein a plurality of the lens units is provided in the
optical apparatus.

3. The optical apparatus according to claim 1 or 2,
wherein the drive unit includes a plurality of the urg-
ing members.

4. The optical apparatus according to claim 3,
wherein a plurality of the grooves is provided inside
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the cylindrical body, and the number of the grooves
is the same as the number of the urging members.

5. The optical apparatus according to any one of claims
1 to 4,
wherein the drive unit is capable of moving at least
the lens unit in a direction orthogonal to the optical
axis.

6. The optical apparatus according to claim 5,
wherein the shift member is movable in the direction
orthogonal to the optical axis.

7. The optical apparatus according to any one of claims
1 to 6,
wherein the groove is provided along a direction par-
allel to the optical axis.

8. The optical apparatus according to any one of claims
1 to 7,
wherein the first coupling portion is provided on the
base member.

9. The optical apparatus according to any one of claims
1 to 8,
wherein a second coupling portion (516) configured
to be coupled with the urging member is provided on
the shift member.

10. The optical apparatus according to claim 9,
wherein the urging member has hooks (509A, 509B)
at both ends, one (509A) of the hooks is capable of
being engaged with the first coupling portion, and
the other (509B) of the hooks is capable of being
engaged with the second coupling portion.

11. The optical apparatus according to claim 9 or 10,
wherein the first coupling portion is located distal to
the optical axis than the second coupling portion.

12. The optical apparatus according to any one of claims
1 to 11,
wherein the urging member is a tension coil spring.

13. The optical apparatus according to any one of claims
1 to 12,
wherein an angle formed by a central axis of the urg-
ing member and the optical axis is more than 0 de-
grees and less than 90 degrees.

14. The optical apparatus according to any one of claims
1 to 13,

wherein the drive unit includes a regulating
member (510) configured to regulate a move-
ment of the shift member in a direction in which
the shift member is separated from the base
member, and

at least a part of the regulating member overlaps
with the groove in a direction orthogonal to the
optical axis.

15. The optical apparatus according to claim 14,
wherein the first coupling portion is provided be-
tween an engaging portion (123), which is engaged
with the groove, and the regulating member.

16. The optical apparatus according to any one of claims
1 to 15,
wherein the first coupling portion is inside the groove
when viewed from the direction of the optical axis.

17. The optical apparatus according to any one of claims
1 to 16,
wherein the optical apparatus is a lens barrel.

15 16 



EP 4 134 736 A1

10



EP 4 134 736 A1

11



EP 4 134 736 A1

12



EP 4 134 736 A1

13



EP 4 134 736 A1

14



EP 4 134 736 A1

15



EP 4 134 736 A1

16



EP 4 134 736 A1

17



EP 4 134 736 A1

18



EP 4 134 736 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 4 134 736 A1

20

5

10

15

20

25

30

35

40

45

50

55



EP 4 134 736 A1

21

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2018105899 A [0002] [0003] • JP 2021131300 A [0041]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

